Relatively little attention has been paid to examining the spatial expansion features of cities at various tiers at the regional level in China, especially those located in central and western regions of the country. Based on Landsat satellite imagery from four years-1980, 1990, 2000, and 2010, this 1980-1990, 1990-2000, and 2000-2010 respectively, exhibiting significant fluctuation between the different periods studied. Geographically, this spatial expansion pattern was characterised by conspicuous concentrations and regional imbalances across the overall study period. Whilst these spatio-temporal differences were found to be closely related to industrialisation, urban population growth, land-use policies, urbanisation guidelines (governmental plans and regulations addressing urbanisation), and national development strategy, the dominant mechanisms driving those differences varied over time. In response, the paper presents an urban-rural and regional integration strategy, with the aim of avoiding economic gaps and the inefficient utilisation of various resources in the urban agglomeration areas.
spatio-temporal information of urban land expansion, its influencing factors as well as the problems appearing in the metropolitan areas located in central China during the rapid transformation development. It also might serve as a scientific decision-making reference for understanding the effect of the "Central Region Grow-Up Strategy" and in guiding cooperative spatial resource utilisation, economic integration, and socio-economic sustainable development in the Wuhan urban agglomeration. Firstly, we address urban land area information from four years (1980, 1990, 2000 and 2010) , based on Landsat imagery data through the application of remote sensing and GIS technology. Furthermore, adopting the urban expansion intensity index (UEII), urban expansion differentiation index (UEDI), and fractal correlation dimension (D c ), the paper analyses the spatio-temporal pattern of the urban expansion of the Wuhan urban agglomeration, the expansion process at work, and the factors influencing that process. Finally, we present an urban-rural and regional integration strategy which might be helpful in avoiding economic gaps and the inefficient utilisation of various resources in the urban agglomeration areas.
Materials and Methods

Study Area
The Wuhan urban agglomeration (WUA) consists of Wuhan (the capital of Hubei Province and one of the major industrial centres in central China) and other eight cities in a 100 km radius from Wuhan-Huangshi, Ezhou, Xiaogan, Huanggang, Xianning, Xiantao, Qianjiang, and Tianmen ( Figure 1 ). The agglomeration is situated within the middle reaches of the Yangtze (Changjiang) River; the longitude and latitude of its position range from 112°30'E to 116°10'E, and from 29°05'N to 31°50'N, respectively. The area is characterised by a humid, subtropical monsoon climate, with distinct seasons, rich soils for crops, sufficient sunshine, and abundant rainfall, all of which make the WUA region an important grain production and agricultural-product processing base in China [16] . The Wuhan urban agglomeration plays an extremely important role in the national strategic fulcrum, and is the primary dynamic growth pole in the development of central China. 
Data Sources and Processing
Definition of Urban Area
In general, "urban area" includes all the land use types that serve the urban function [15] . However, the delineation of "urban area" might be sensitive to the users and interpretation methods because of lack of any threshold, distance or population criteria, which would be a problem for comparing different study areas or updating existing databases by different operators over time. Considering that the paper tried to launch a macro-scale study on urban footprints in an urban agglomeration area, we defined urban area according to the following criteria with reference to [15] : (a) if the open space, including water bodies and green lands, is completely surrounded by other urban land use types (e.g., residential, industrial and commercial etc.), it is designated as an urban area and deemed contained within the urban boundary; (b) if an industry development zone or economic and technical development zone is very close to a city or town, its boundary is merged into the urban boundary.
Satellite Image Processing
Satellite images are often used to analyse land use change [17, 18] . We collected seven views covering the WUA region from Landsat TM/ETM+/MSS satellite images of four years (i.e., 1980, 1990, 2000, and 2010 ). These satellite images can be easily downloaded from the United States Geological Survey (USGS). In order to extract the urban land more clearly, the predominant cloud-free images of the study area were acquired on 16 Early in the mid-1990s, supported by a key project entitled "Remote Sensing Investigation and Dynamic Study on Resources and Environment in China", Chinese Academy of Sciences (CAS) established the land-use/cover change (LUCC) database, which produces thematic maps at a scale of 1:100,000. These LUCC data were obtained through visual interpretation and digitisation of satellite remote sensing data provided by the US Landsat TM/ETM images which have a spatial resolution of 30 by 30 meters [6] . At present, the databases contain LUCC datasets for four different years (1980s, 1995, 2000, and 2005 ). The original thematic maps consist of seven first class land-use types, i.e., cropland, forest, grassland, residential area and land for standalone industrial and mining sites, water region, and unused land, and 27 subclasses [14] . In this paper, we obtained the urban land information for the four years through the post-classification image comparison method [19] . The main steps are as follows: (i) Process remote sensing images (including repairing the image strip of Landsat ETM+ images based on multi-image local adaptive regression analysis model (MLARAM), optimising multi-band combination of the images, geometrical correction using a polynomial method, and enhancing texture characteristics); (ii) Extract land parcels related to urban built-up area (one of the subclasses and coded as 51) from the LUCC vector data of the year 2000; (iii) Overlay the layer of land parcels with the Landsat images of 2000; (iv) Adjust and correct the land parcels based on the images according to our definition of urban land; (v) Overlay the adjusted urban land information of 2000 with the Landsat images of 1980, 1990 and 2010; (vi) Obtain the urban land information for the years 1980, 1990, and 2010 using the post-classification image comparison method [20] . This method compares two or more separately classified images at different dates. Prior classification has to be carried out before making the comparison. Different epochs of Landsat satellite images are employed to interpret the dynamic change of vector data. If land cover changes are detected, it would be labelled a new symbol, or it would be labelled the same as before. In our study, the vector data in 2000 was the prior classification and viewed as ancillary data in the process. Landsat satellite images in 1980, 1990, 2010 and the vector data in 2000 were employed together to interpret the dynamic urban land change. Through these ways mentioned above, we obtained the urban land data for the study years.
Accuracy Analysis
During the process of interpretation of TM images and land-cover classifications, Chinese Academy of Sciences (CAS) has validated the accuracy against extensive field surveys. An outdoor survey and random sample check (covering a line survey of 70,000 km and 13,300 patches) verified that the average interpretation accuracies for land-use/land cover were more than 92% [19] [20] [21] . Consequently, the urban land in 2000 which comes from CAS can satisfy the precision requirement for analysis. A field survey, including approximate 125 sampling-points, was carried out by using a global positioning system to identify land-use histories in extracting the urban land for the other three years. Also, the Google map as well as the Second National Land-Use Survey Map was effectively used to check and identify the dynamic changes of land cover. Figure 2 and Table 1 present the urban land distribution pattern of the four years and its change information in the WUA region. Except for the LUCC data, we also obtained socio-economic data, including time-series data on population, industry, and urbanisation conditions in the whole region during the period 1980-2010. These data, which came from the Chinese City Statistical Yearbooks [7] and the Hubei Statistical Yearbook [16] , were used to analyse potential influencing factors resulting in urban land expansion in the WUA region.
Methods
In order to explore and understand the spatio-temporal features of, and trends in, urban land expansion across the different decades, the urban expansion intensity index, the urban expansion differentiation index, and fractal correlation dimension measures were used in our study [15, [22] [23] [24] .
Urban Expansion Intensity Index (UEII)
The urban expansion intensity index (UEII) of a spatial unit is defined as the average annual proportion of newly increased urban area to its total area [22] . It refers to the average annual growth area standardised by the total area of the specific spatial unit. The UEII is calculated using the following Equation:
where UEII i stands for urban expansion intensity index of unit i, ULA I are the area of urban land at time t 2 and t 1 , respectively, TLA i is the total area within the administrative county boundary i, and Δt is the study period (i.e., t 2 − t 1 ).
Urban Expansion Differentiation Index (UEDI)
The urban expansion differentiation index (UEDI) refers to the ratio of the urban expansion rate of a spatial unit to the urban expansion rate of the study area. The UEDI quantifies the urban land expansion disparity between different spatial units, thereby making those units comparable, which is essential in evaluating regional urban land expansion differentiation and identifying urban land change hotspots [24] . We employ UEDI as the following: indicate the total area of urban land in the study area at time t 2 and t 1 , respectively.
Fractal Dimension
Fractal dimension measures constitute good instruments for global comparisons of the morphology of cities [15, 23] . Fractal dimension includes radius dimension, grid dimension, correlation dimension, and boundary dimension. In our study, the correlation dimension (D c ) was used to measure the uniformity degree of the urban distribution in the study area; it provides a detailed result in relation to the distribution pattern of occupied points. Two parameters, which vary according to the iterative step, are included in the correlation dimension: (a) the size of the counting window (ε); and (b) the number of urban land pixels presented in the window (N). The fractal law can be written as the following:
where, D c represents the fractal correlation dimension; α is the "pre-factor of shape", which gives a synthetic indication of local deviations from the estimated fractal law; and φ is a constant variable. Generally, D c is in the range of 0-2. When D c is closer to 2, all towns are distributed more uniformly over space; when D c is closer to 0, one premier city has been formed [15] . The D c can be obtained using the software Fractalyse developed by Gilles Vuidel. In addition, the scaling behaviour curve α(ε) was introduced in order to identify the threshold at which the urban cluster morphology may change from one point to another [15] . The α(ε) can be written with the following Equation:
Results Analysis
The Temporal Evolution Characteristics of Urban Land Expansion
Wuhan urban agglomeration has experienced a rapid urban land expansion process; the total area of urban land increased by 5. , respectively. Furthermore, the urban expansion intensity index (UEII) scores for the three periods were 0.0732, 0.0289, and 0.0993, respectively, exhibiting significant fluctuation; their corresponding coefficient of standard deviation amounted to 0.7538, 0.7767, and 1.3430, respectively, demonstrating that regional differences in urban expansion intensity increased during the study period. 
The Spatial Evolution Characteristics of Urban Land Expansion
Spatially, urban land expansion was characterised by conspicuous concentrations and regional imbalances during the study period. As a core city, Wuhan was the centre of the ring-layer expansion patterns in the WUA region ( Figure 2 ). The urban land area of the city increased by 627.12 km 2 during the study period, contributing to 53.78% of the total urban expansion of the WUA region ( Table 1) . The urban land-use expansion generally intensified along the Third Ring Road of Wuhan, the Beijing-Guangzhou railroad, and other main transportation corridors. The urban expansion pattern presented different features at different stages in the WUA region. During 1980-1990, 1990-2000, and 2000-2010, the urban land expansion of the WUA exhibited the distribution pattern of "one pole and four belts", "one pole and one belt", and "three poles and six belts", respectively [25] .
In order to reveal the spatial evolution pattern of urban land expansion, the urban expansion differentiation index (UEDI) scores of the 39 districts/counties that make up the region were grouped into five UEDI zones, i.e., higher, high, medium, low, and lower, based on the Nature Break method with the application of software ArcGIS. The higher and high UEDI zones referred to the districts/counties with a higher urban land expansion rate than that of the study area; the medium UEDI zone consisted of the districts/counties with essentially the same urban land expansion rate as the overall area; while the low and lower UEDI zone designated districts/counties with lower urban land expansion rates than that of the study area ( Figure 4 ). The spatial differentiation characteristics of urban land expansion in the period 1980-1990 are presented at Figure 4a . The pattern of urban expansion from this period displays significant spatial correlation and conspicuous concentration. The higher and high UEDI zone formed an east-west band across the WUA region, shaping an obvious axial distribution pattern. A large number of small and medium-sized cities/counties (such as Tianmen, Yingcheng, Macheng, and Hanchuan in the Jianghan Plain area, and the eastern plain of Hubei Province) underwent rapid urban expansion. By contrast, the UEDI of the central cities-i.e., Wuhan, Huangshi, Ezhou, and Xianning-was significantly lower than that of the surrounding small districts/counties. Figure 4b shows the spatial characteristics of urban land expansion in the study area between 1990 and 2000. In contrast to the previous decade, the east-west axis of urban land expansion was replaced in this decade by expansion in a north-south direction, which became the primary location of the higher and high UEDI zone. Urban expansion in the north-south direction exhibits a zonal distribution formation along the main traffic axis (the urban extension axis following the Beijing-Guangzhou railroad) and secondary traffic axis (the urban extension axis along Huangshi-Huanggang line). By contrast, the districts/counties located in the Jianghan plain and the eastern plain of Hubei Province, which used to be the active urban expansion centres during 1980-1990, presented slow urban land growth rates in the following decade.
In the third period, the spatial pattern of urban expansion shows distinctive characteristics that mark an evolution from the previous two decades (Figure 4c ). The higher and high UEDI zone was concentrated in the centre of Wuhan, within a radius of 50 km. The urban expansion differentiation index of the central cities-i.e., Wuhan, Huangshi, Ezhou, Huanggang, and Xianning-was significantly higher than that of the overall area. Further, the higher and high UEDI zone shaped a typical zonal distribution pattern that followed transport axes; whilst urban land expansion rates along the main traffic arteries of the Beijing-Guangzhou mainline and the Shanghai-Chengdu line were significantly high, counties located far away from the main traffic lines experienced slow rates of urban land expansion. Figure 5 shows the global fractal correlation dimension (GFCD) as well as the scaling behaviour in the WUA region across the four years addressed by the study. The GFCD was the largest (i.e., 1.371) in 1980, indicating that the urban land exhibited a homogeneous spatial distribution pattern. The local fractal correlation dimension (LFCD) in this year presented a large fluctuation, from about 0.3-1.8 for different estimation intervals, showing a heterogeneous spatial organisation, especially in the ε ranges of 25-250 and 400-500 pixels, a result of LFCD values of less than 1. The GFCD was 1.148 in 1990 and 1.172 in 2000, respectively, indicating that the distribution of urban land in these two years was characterised by conspicuous concentrations and regional imbalances. Moreover, the LFCD in 1990 and 2000 retained similar values at different estimation intervals; this finding can be explained by the fact that the WUA region experienced a slow urban land expansion in this decade, and the distribution pattern of urban land basically did not change. The GFCD was smallest in 2010 (equal to 0.9112), demonstrating that urban land had become more concentrated in comparison to the preceding three years. This is in accordance with the results of the study, which indicate that Wuhan had concentrated more than 52.23% of the total urban land in the WUA region. 
The Spatio-Temporal Evolution of Urban Morphology
Factors Influencing Urban Land Expansion
Referring to previous studies [11, 12, 14, 26, 27] , we argue that industrialisation and urban population growth are the basic driving factors that directly influence urban land expansion. Meanwhile, institutional factors-including land-use policies, urbanisation guidelines (governmental plans and regulations addressing urbanisation)-and the national development strategy, which directly impact upon economic growth and urbanisation processes, constitute the important influencing factors in relation to temporal fluctuation and spatial differentiation in urban land expansion. The effects of each of these factors have been specifically explored in our study: a discussion of each is presented below.
Industrialisation
Industrialisation is one of the most important driving forces behind urban land expansion. The increasing demand for urban land is commonly known to derive from urban-related industrialisation, i.e., urban settlements and manufacturing development in China [28] . Since the initiated economic reforms and the open-door policy, industrialisation has accelerated in the WUA region, as evidenced by the continuous growth of the region's total industrial output value (Table 3) . It is noted that the construction of the economic development zone (EDZ) inevitably leads to changes in the structure of land use, especially with respect to the expansion of urban land area. As an important spatial carrier of industrial activities, EDZs attract both domestic and foreign investment and aggregate population, capital, information, industry and other factors at large scales, due to their incomparable policy privileges and socioeconomic development advantages, which are superior to those offered by other regions [12] . Taking Wuhan as a case, there were three national EDZs and 12 provincial EDZs ( Figure 6 ). Statistical data shows that foreign direct investment, total industrial added value, and the total export value of the EDZs in Wuhan respectively reached 85.81 × 10 As the core city of the WUA region, Wuhan has a strong control ability and leading role in socioeconomic development of this region. The gross domestic product of the city in 2010 exceeded 550 billion RMB, equal to a 57.76% share of the corresponding total value in the WUA region [16] . As such, taking the city of Wuhan as an example, we analysed the relationship between industrialisation and urban land expansion. Since 1978, Wuhan has become the most important economic and industrial centre in the middle reach of Yangtze River. In 1984, the city was approved to be the pilot city for the country's economic system reform. Wuhan municipal government began to adjust the development mode in relation to the existing industrial enterprises. During this process, the city established the East Lake new technology development zone, Wuchang economic development zone, and Qingshan economic development zone, which were huge enclaves far away from the urban central district (Figures 6 and 7) . Motivated by the economic law of location rent in an urban land market, many industrial enterprises, located in the urban central district in the former administrative system, were gradually relocated to these EDZs in suburban or rural areas while the original central sites were transferred to use in the tertiary sector [22] . These resulted in a continuous spatial expansion surrounding the urban central district (Figure 7) . In this period, the gross value of industrial output and urban land increased from 101.00 billion RMB in 1980 to 303.15 billion RMB in 1990 and from 88.28-272.58 km 2 , respectively. During the second decade 1990-2000, the coastal region of China became the country's economic development centre. The WUA region, which was located in the central region, presented extremely slow development. In this decade, Wuhan municipal government only constructed the Wuhan economic and technological development zone (Figures 6 and 7) . The city was characterised as infill development, such as, the improvement of infrastructure and city function, the promotion of industrial technology, and the increase of service industry, with a slow urban land expansion-from 272.58 km In the new millennium, Wuhan has begun to enter into a phase with the most rapid socioeconomic development in the history. The industry in this city speeded up the process of Wuhan's integration into the global economic system; the city has formed four pillar industries, i.e., steel industry, automobile and machinery manufacturing industry, electronics information industry, and petroleum chemical industry. Meanwhile, Wuhan has also bred six competitive industries, i.e., environmental protection industry, tobacco and food industry, household appliances industry, textile industry, medicine industry, papermaking and packaging industry. Under this context, Wuhan has basically formed a new industrial system with comprehensively competitive advantages, and has successfully realized the transition from an old industrial base to an advanced manufacturing base [29] . In this period, Wuhan has constructed Jiangxia, Hannan, Caidian, Yangluo and Panlongcheng economic development zones ( Figure 6 ). The gross value of industrial output increased from 142.24-700.50 billion RMB. In response to the rapid industrialisation, the city's urban land expanded from 336.89-715.40 km 2 ( Figure 7 ).
Urban Population Growth
Urban population changes in relation to urbanisation constitute one of the most dynamic causes of land-use change, triggering changes in land-use intensity and land-use structure [27] . Since 1978, the collapse of the "People's Commune" system and the subsequent implementation of the Household Responsibility System in rural areas restored greater liberty to farmers and mass rural-to-urban migration, as migrants were free to seek jobs and earn their living in cities. The development of urban infrastructure and a flourishing small-business environment required extra labour-these sources of employment have accommodated the vast movement of agricultural labour from rural areas to cities in China since the 1980s [30] . The explosive growth of urban populations and the improvement of urban residents' living standards inevitably leads to increased needs in terms of housing and transportation; this in turn greatly stimulates the development of the real estate industry and of transportation, both of which encroach upon agricultural land and lead to urban land expansion. Statistical data shows that the country's urban population increased from 19,140 × 10 , respectively. It can be seen that there was a great spatial coupling relationship and a strong positive correlation between urban population growth and urban land expansion in the study area. It is worth noting that the intensity of urban land expansion in the surrounding suburbs of Wuhan was significantly higher than that of urban population growth. The data indicates that, the urban population in the districts of Jiangxia, Dongxihu, Caidian, Huangpi, Xinzhou increased by 81.96 × 10 4 people in the period 2000-2010, accounting for 11.97% of that in the metropolitan area. However, the total of the newly increased urban land reached 224.05 km 2 , accounting for more than 38.97% of that in the WUA region. Undoubtedly, the surrounding area of Wuhan has experienced a low density of urban land expansion. The land managers should raise awareness that the WUA region has experienced a particularly vigilant of low-density development and urban sprawl.
Land-Use Policies
Land-use policies have also contributed to temporal variation in, and geographic differentiation of, urban land expansion in the WUA region [26, 27] . In the first half of the 1980s, China's land management system was decentralised. Rural land was to be managed by the Ministry of Agriculture, while urban land was to be managed by the Ministry of Construction. As a result of these changes, the transition between urban and rural land basically remained frozen in this period. In the second half of the 1980s, land reform in China created a property market, which re-introduced land values through land leasing and charging of land use fees [31] . In addition to a growing interest in real estate development, coupled with the release of rural productivity and the boost of reform and opening up, urban land expansion was also stimulated by rapid socio-economic development in the region. Under these circumstances, the Chinese Government promulgated and implemented the "Land Administration Law of the People's Republic of China", and the land market system began to take shape [32] . The transition to different land-use types in the WUA region was thus intensified as a result of the deepening of land reforms in the late 1980s, and the region experienced a rapid transition from rural to urban land during this decade.
During the second period studied, a large number of restrictive land policies were mapped out in succession in response to the transition from the planned to the market-oriented institution, as well as the accelerated land-use change [33] . From the late 1980s to the early 1990s (especially after Deng's southern China tour in 1992), in order to produce the greatest economic benefit from the land and thus fulfil the pursuit of economic growth, urban land area expansion continuously accelerated. The loss of valuable agricultural land caught the attention of the central government. Against this backdrop, the State Council promulgated the Regulations for the Protection of Basic Farmland (Jiben Nongtian Baohu Tiaoli) in 1994. By 1997, a directive from the central government urgently appealed for the conservation of farmland and ordered the freezing of all construction projects. A year later, a new but more stringent Land Administration Law was enacted to prevent further loss of arable land [34] . Because of the austere situation with respect to arable land, the Chinese Government issued the revised Land Management Act (The Land Management Act of China) and Protection Ordinance of Basic Farmland (New Jiben Nongtian Baohu Tiaoli) in 1998 to ensure sustainable socio-economic development [14] . It can be seen that since 1994, a series of severe regulations and laws have been implemented to prevent excess loss of arable land. These laws curtailed the haphazard exchange of farmland for urban land [33] . The influence of these restrictive land-use polices was profound in slowing the expansion of urban land area in the WUA region.
Following the Asian financial crisis, and especially since 2002, China's economic development has begun to enter into an acceleration phase of rapid industrialisation and urbanisation. The rapid economic development incited strong growth in urban land area, causing considerable loss of arable land [34] . Against this background, the central government issued a large number of pieces of more stringent farmland protection legislation, including "drawing up land-use planning", and "ensuring the arable land protection red line of 18 million mu" [14] . However, in order to simultaneously meet construction land demand in support of the rapid economic development, the government also drew up more flexible policies such as "pushing forward urban construction land increase and rural construction land decrease balance" (i.e., zengjian guagou) and "achieving dynamic equilibrium of the total arable land" (i.e., gengdi zhanbu pingheng) [12] . Consequently, urban land expansion in the WUA region was not actually held back during this stage, because the huge quantity of farmland consumed by the development of EDZs and real estate zones could be balanced with land reclamation and rural construction land decrease through land rehabilitation.
Urbanisation Guidelines
Because cities can provide noticeably higher income and more employment opportunities than rural areas, huge numbers of peasants have migrated from rural to urban areas in China. In order to deal with the pressures from urban in-migration, a strict Hukou system-similar to a domestic passport system-was established in the pre-reform era in China [14, 35] . However, in reality, the Hukou system failed to control the population explosion and economic dominance of the large cities in terms of globalisation, urbanisation economies, increasing returns, and element agglomeration [36] . In this context, urbanisation guidelines-that is, the various governmental plans and regulations addressing urbanisation brought forward by the State Council of China at various stages of development-were implemented to guide the Chinese urban system. Undoubtedly, these guidelines have had an important influence on economic development, population growth, and the urban expansion of cities at a range of scales.
In detail, during the sixth and seventh "Five-Year Plan Period" (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) , the urbanisation guidelines can be generally described as having strictly controlled the scale of large cities, rationally developed medium-size cities, and actively encouraged the development of small cities [37] . These urbanisation guidelines stimulated urban population increases and economic growth in small cities, and deprived large cities of some development opportunities. Correspondingly, small and medium-sized cities/counties enjoyed significantly higher urban expansion intensity than that of the central cities in the WUA region; Tianmen, Yingcheng, Macheng, and Hanchuan predominantly became the active centres of urban expansion during this period.
During the "Eighth and Ninth Five-Year Plan Period" (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , in addition to putting forward an important strategy of promoting the healthy development of small towns, urbanisation guidelines were basically consistent with those of the preceding decade. Urbanisation guidelines exerted limited impact on the urban land expansion pattern in the WUA region at this stage, due to the fact that economic policies and national development strategy favoured the coastal region, and therefore slowed the central region's economic development and corresponding urban expansion [37] .
During the "Tenth and Eleventh Five-Year Plan Period" (2000-2010), the Chinese Government mapped out a strategy to accelerate the urbanisation process, and harmoniously developing large, medium, and small cities, as well as small towns. Especially entering into the "Eleventh Five-Year Plan Period", the central government was committed to strengthening the leading role and improving the socio-economic function of the regional central cities; urban agglomeration gradually became the main battlefield upon which the struggle to speed up the urbanisation process would take place. Correspondingly, the Wuhan urban agglomeration (WUA) served as the most dynamic potential core area for economic development, population concentration, and industry aggregation in central China. During this period, the WUA region witnessed great achievements in economic construction and social development; the proportion of the WUA region's GDP in comparison to Hubei's increased by 2 percentage points, from 58.4% in 2000 to 60.4% in 2010. As the growth engine of the WUA region, Wuhan was entitled to socio-economic development advantages superior to those offered to other regions. The city's GDP managed to rise from 1206.84 × 10 , contributing to 65.84% of the total urban expansion of the WUA region. In contrast, the city's share of total urban expansion in the previous two stages was merely 43.49% and 38.41%. The fractal correlation dimension (D c ) also demonstrates that the urban land in 2010 exhibited a heterogeneous and concentrated spatial distribution pattern. This development indicates that central cities began to dominate the urbanisation process following the implementation of the "metropolitan development strategy".
National Development Strategy
National development strategy has been demonstrated to be one of the main factors influencing urban land expansion in China [6, 10, 12, 14] . In the Maoist periods (1949-1978), China's regional development strategy attached more emphasis to the eradication of regional economic disparities through interior-orientated investments than is done today. The "Maoist development strategy" has, however, been recognised as slowing national economic growth by ignoring scale and external economies [38] . During the post-Mao periods, China adopted industrial and urban priority development strategies. As we all know, China has made great achievements in economic and social development after 1978 as a result of its "uneven development strategy", which emphasised intensive modes of economic growth, highlighted regional comparative advantage, accepted regional disparities as inevitable, encouraged foreign direct investment and international interaction, and sought technological innovation [39] .
In 1980, the State Council approved Wuhan's status as a foreign trade port and reopened Wuhan Customs. The city was also approved to be the pilot city for the national economic system reform in 1984. Thus, Wuhan became a quasi-province-level city as well as an important economic centre in the middle reaches of the Yangtze River. Meanwhile, Wuhan municipal government put forward a serial of development strategies such as the "Grow-Up Strategy for Transportation and the Logistics Industry", and "Promoting the Economic Integration between Urban and Rural Areas", which invigorated the market and improved economic linkages between Wuhan and adjacent regions. In response to the aforementioned series of polices, the WUA region experienced vital, rapid economic development, which contributed to a rapid urban land expansion. As a result, the urban expansion intensity index (UEII) reached 0.0732 in the WUA region and urban expansion shaped the "one pole and four belts" distribution pattern in this period.
However, China's regional economic inequality, particularly between coastal and interior region, was at a high level, and continued to expand due to the "uneven development strategy". Since China initiated the policy of opening and developing Pudong, Shanghai, in 1990, the eastern coastal region has been the "engine of growth" driving China's economic development. By contrast, economic development in central and western China was slow, with these areas even being referred to as "Central Sunken". During this period (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , the urban land expanded by merely 167.43 km 2 in the WUA region, accounting for 39.50% and 29.10% of the urban land increase in the first and third period, respectively. The urban expansion intensity index (UEII) was 0.0289 in the WUA region and the "one pole and one belt" spatial expansion pattern of urban land use was formed in this stage [25] . The urban land expansion along the traffic trunk road presented a "resting" status.
Undoubtedly, the interior region has contributed greatly to, and has made substantial sacrifices for, the development of coastal regions in China since 1978. In order to narrow the inter-regional gap, the central government of China formulated the "Western Development [25] . Undoubtedly, the WUA region met a new high and inevitable tide of socio-economic boom and urban land expansion.
Discussion
Generally, urban land expansion relates to a number of social, economic, national, and regional development strategies and policy factors, as well as their interactions. It can be contended that urban land expansion in both central China and eastern China are driven by the similar or same factors. However, the spatio-temporal pattern of urban land expansion might exhibit different characteristics between central and eastern regions due to the fact that the same driving factors might have a different or an opposite influence on economic growth and urbanisation in different regions. For instance, national development strategy in 1990s (e.g., prioritised eastern/coastal development strategy) has accelerated the economic growth and urban land expansion of the eastern region, but having a negative influence on the process of industrialisation and urbanisation in the central region. This can be evidenced by the previous studies; the annual increased urban land in the period 1990-2000 of Guangzhou (located in Pearl River Delta) and Shanghai (located in Yangtze River Delta) was 16 ). It can be concluded that the dynamic patterns of urban land expansion in the WUA region is significantly different from those metropolitan areas in the eastern region of China. It is necessary to analyse and compare the intensity of urban land expansion of metropolitan areas located in both central and eastern regions.
A consensus has been reached around the notion that urban agglomerations will constitute the lifeblood of China's future economic development and urbanisation [3, 42] . However, we need to raise awareness that accelerated economic growth and urbanisation might have resulted in enlarging economic gaps and in the inefficient utilisation of various resources in the urban agglomeration area. In the WUA region, great progress has been made in economic construction and social development since the implementation of the "Central Region Grow-Up Strategy" and the "1 + 8 Wuhan Urban Agglomerations Development Strategy". However, the economic disparity in the WUA region expanded.
On the one hand, the economic disparity between the WUA region and the rest of the regions in Hubei Province widened. Since Hubei Province put forward the initiative to construct the "1 + 8 Wuhan city circle" in 2002, the provincial government has adopted a trickle-down growth strategy to inventively develop a few regional centres through measures such as providing more incentives and opportunities in support of the socio-economic transition of the WUA region. Consequently, the proportion of the financial support for the WUA region in terms of total financial investment greatly increased. Statistical data shows that the proportion of the WUA region's financial expenditure (FE) in relation to the province of Hubei rose from 38.9% in 2000 to 49.6% in 2010; the total investment in fixed assets (TIFA) correspondingly increased from 56.8%-62.6% ( Figure 8) . As a result, the proportion of the WUA region's GDP in relation to Hubei's increased from 58.4%-60.4%. On the other hand, economic disparity within the WUA region also increased. As the growth engine of the WUA region, as well as of central China, Wuhan took special advantage of its incomparable policy privileges, optimal location, and favourable socio-economic factors. However, Wuhan exerted a weak beneficial effect in diffusing capital, technology, personnel, and other factors to its neighbours, ultimately giving rise to poor urban-rural interactions and poor regional economic integration performance, which has contributed to the widened economic disparity within the WUA region. Statistical data shows that the proportion of Wuhan's GDP and financial revenue in relation to that of the WUA region has increased from 48.3% in 2000 to 57.8% in 2010, and from 58.7%-70.2% (Figure 9 ). The proportion of Wuhan's total population in proportion to the population of the WUA region has also sharply increased, rising from 24.8% in 1990 to 27.1% in 2000 and then to 32.4% in 2010. Urban sprawl has been considered a common phenomenon in China's urbanisation process, especially in large cities. Urban sprawl in Wuhan leads to the inefficient utilisation of various resources, which is a serious problem that deserves attention [40] . For instance, the pace of urban land expansion in Wuhan was significantly faster than that of urban population growth. The average annual growth rate of the urban built-up area was 7.82%, which is 4.7 times higher than that of the urban population (1.64%) between 2001 and 2010. Traffic congestion in Wuhan has been exacerbated by urban sprawl. In order to fundamentally solve the problem, the municipal government has spent hundreds of millions of dollars to build 140 km of rail lines for rail transit, as well as the 11th Yangtze River Bridge. It can be seen that urban sprawl consumes not only large amounts of commuting time, but also leads to unnecessary economic losses, energy consumption, and environmental pollution.
In order to realize the sustainable development in the urban agglomeration area [43] , the "Urban-Rural and Regional Integration Strategy" was designed and presented in order to avoid economic gaps and the inefficient utilisation of various resources. The strategy attaches emphasis to the outlet roads for rural-urban and regional development, not by making a blind rush for rapid urbanisation, but by seeking steady progress through the rural-urban equalized development [44] . Instead of farmland being lost to factory workshops and villages converted to cities, the rural-urban equalized development focuses on eliminating urban-rural differences in pursuit of the rural style of production and life by popularizing mechanical farming and creating a favorable rural living environment and employment condition in rural areas [45] . It highlights the socio-economic functions and value of rural China, promoting the inter-and intra-regional flow of production elements, cultivating self-innovative and specialized industries of township and villages, and elevating self-supporting capability, productivity and competitiveness of rural areas [46] . The core of the strategy is to manage the economic gap and avoid blind urban sprawl by concentrating industries within development zones, rural populations within townships, and land for scale operations within rural areas. In practice, those regions engaged in coordinating and balancing the development of cities of all sizes and strengthening the construction of small towns and central villages (communities) generally experienced more sustainable urbanisation and more harmonised urban-rural linkages [47] . Therefore, under China's current national conditions, there is an urgent need to scientifically arrange the urban system; plan small towns and pivotal villages (communities); and integrate urban-rural and regional organisations, industry, and space. We argue that promoting the equalised development of urban-rural and regional traffic and transport, economic investment, social services, ecological environment and quality of life, as well as enhancing the functioning of small towns and pivotal villages (communities) in terms of population convergence, industrial agglomeration, and spatial intensification, constitute strategic actions that will control the increasing economic disparity and blind urban sprawl currently evidenced in the WUA region.
Conclusions
Along with a series of privileged national development strategies and policies, the socioeconomic development and urban land expansion evidences a rapid transformation in the metropolitan areas located in central and western regions of China since the turn of the new millennium. The rapid economic growth in the metropolitan areas has resulted in the related socioeconomic transformations, drastic expansion of built-up areas, high-density concentration of population and industry, high-risk environmental damage as well as inefficient use of various resources. Taking Wuhan urban agglomeration as a case study, this paper has examined the spatio-temporal pattern of urban land expansion in the periods [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] [1999] [2000] , and 2000-2010 and the factors influencing this process, and presented a strategy to deal with the enlarging economic gaps and the inefficient utilisation of various resources. Various research methods employed in our study include Remote Sensing, GIS, and mathematical models.
The results indicate that WUA region experienced a rapid process of urban land expansion: between 1980 and 2010, the total area of urban land increased by 5.7 times, from 203.66-1370.07 km , respectively. Geographically, the spatial expansion pattern of urban land was characterised by conspicuous concentration and regional imbalances during the study period. In the first decade, the urban expansion intensity of the central cities was significantly lower than that of the surrounding small and medium-sized cities/counties. In the second decade, urban land expansion in the east-west direction was replaced by expansion in a north-south direction, which became a new active zone. During the third decade, land use expansion formed a conspicuous concentration distribution pattern. The global fractal correlation dimension (GFCD) and the scaling behaviour indicate that the morphology of urban land varied among the four years studied -i.e., the spatial distribution of urban land in the study area shifted from a homogeneous pattern to a heterogeneous and concentrated pattern.
Industrialisation, urban population growth, land-use policies, urbanisation guidelines (governmental plans and regulations about urbanisation) and national development strategy are major factors that have contributed to spatio-temporal differences in urban expansion in the WUA region. However, it is worth noting that the dominant driving mechanism varied between different decades studied. Finally, an urban-rural and regional integration strategy was designed and presented. The strategy attaches emphasis to the outlet roads for rural-urban and regional development, not by making a blind rush for rapid urbanisation, but by seeking steady progress through the rural-urban equalized development, which might avoid economic gaps and blind urban sprawl in the urban agglomeration areas.
This study is an attempt for understanding the spatio-temporal patterns and policy implications of urban land expansion in metropolitan areas, as such, a number of research gaps still exist. For example, considering that the spatio-temporal patterns of urban land expansion are significantly different between the eastern region and central and western regions, it is necessary to explore deeply what make the differences between these regions. Besides, it is desired to introduce some advanced approaches, such as tentative geographically and temporally weighted regression (GTWR), hierarchical regression and panel regression to quantitatively analyse the factors and dynamic mechanisms of urban land spatial expansion, based on remote sensing data and socio-economic data.
